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Abstract 
Salmon gelatin and chitosan are high potential biopolymer to obtain edible films with antimicrobial effect for fresh 
meat. Therefore, it is important to characterize the structural (glassy or rubbery) state of the gelatin film on 
antimicrobial properties of chitosan. Extracted salmon (Salmo Salar) gelatin (acid-basic extraction) and low 
molecular weight chitosan solutions (0; 0.25; 0.5 and 1% w/w) at pH 5.5 were prepared to obtain a final 
concentration to 7% w/w (gelatin + chitosan). Films were obtained by casting at 5ºC and equilibrated at 33% and 
85% of relative humidity (RH) in order to obtain a glassy and rubbery state, respectively. Water content, specific 
volume and glass transition temperature (Tg) were measured and antimicrobial properties against Escherichia coli 
(E.c.) (105 ufc/ml) were obtained by agar plate diffusion and kinetic measurements at 37ºC. Chitosan diffusion in 
agar plate was determined using liquid solutions and films over agar plate. The results showed diminution of Tg 
(maintaining structural state) as increase chitosan concentration, increasing also specific volume and water content 
due their high capacity to adsorb water. Although inhibition by chitosan of bacteria growth kinetic was 100%, 
solutions and films samples could not diffuse in the agar.  In conclusion, the chitosan could not diffuse on the films 
matrix and also in agar plate and therefore in food when is combined with salmon gelatin. The implication of this 
work have been investigate the use of edible films from marine sources with antimicrobial effects in an effort to 
growing demand from consumers for safer and better quality foods. 
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1. Introduction 
Taking advantage of natural resources that are intended as waste becomes an excellent option in the 
development of new biodegradable products. Gelatin is an animal protein obtained by controlled 
hydrolysis of collagen in bone and skin [1].  
Salmon gelatin is a possible alternative to bovine gelatin. The main advantage is not associated with 
the risk of outbreaks of bovine spongiform encephalopathy and is accepted by Islam, can be used with 
minimal restrictions in Judaism and Hinduism [2]. In addition, the salmon skin is a waste major 
subproduct of the fish industry (about 5% of whole fish), making waste a valuable source of gelatin [3].  
Meat by high water activity and its wealth of user-friendly nutrients is an excellent substrate for the 
growth of microorganisms. The control method used is cooling, but when the meat is not stored at an 
appropriate temperature can generate the growth of Escherichia coli that has a minimum growth 
temperature of 8-10 º C, which is considered the main threat poorly refrigerated meat [4].  
Chitosan is a natural biopolymer derived from the deacetylation of chitin, an important component of 
the shells of crustaceans such as crabs, shrimps and prawns [5]. Chitosan is a cationic polysaccharide 
composed of glucosamine units with bonds ȕ (1-4) [6]. This biopolymer has the advantage of being 
biodegradable, biofunctional, biocompatible, nontoxic and also has antimicrobial property [7]. The 
antimicrobial effect of chitosan is effective against a wide variety of pathogenic microorganisms and 
spore, including fungi, bacteria, gram-positive and gram-negative. However, its functionality and activity 
depends of its characteristics such as molecular weight, degree of acetylation, concentration in solution, 
the microorganism and the environmental conditions, especially pH, strength ion and the presence of 
solutes susceptible to reaction with chitosan via electrostatic interaction and / or covalent bonds that can 
cover or completely block the reactivity of the active amino groups [8]. 
The exact mechanism of the antimicrobial action of chitosan is not well known. It is assumed that the 
reason of antimicrobial activity is its positively charged amino group that interacts with the negatively 
charged bacterial cell membrane, leading to the release of proteins and other constituents of intracellular 
microorganisms [9]. Chitosan also acts as a chelating agent that selectively binds trace metals inhibiting 
the production of toxins and microbial growth. In addition, chitosan can enter into the cell as a result of 
the permeability of the membrane, penetrating the cell nucleus by interfering with the synthesis of 
messenger ribonucleic acid (RNA) and protein [7]. 
The aim of this work was to characterize the structural (glassy or rubbery) state of the salmon gelatin 
film on antimicrobial properties of chitosan against Escherichia coli. 
2. Materials & Methods 
Atlantic salmon skin (Salmo salar) was provided gently by Salmonoil S.A. Gelatin was extracted from 
skin by alkaline and acid hydrolysis [10]. The chitosan used was low molecular weight with deacetylation 
degree of 92% (Sigma Aldrich). 
2.1 Preparation of gelatin films. 
Salmon gelatine-chitosan based films were prepared at final concentration of 7% w/w. The chitosan 
was added at concentrations of 0, 0.25, 0.5 and 1% w/w dissolved in acetic acid solution. Stirred 
moderately at 50 °C until completely dissolve. Then, the solutions were adjusted to pH 5.5 with NaOH 
2N. The formation of the films was performed by the method of cold casting at 5°C.  
Salmon gelatine-chitosan based films were equilibrated at 20°C in salt-saturated MgCl2 (33% RH) and 
KCl (85% RH) inside sealed containers [11], in order to obtain samples in the glassy and rubbery state, 
respectively. Moisture content was determined gravimetrically (24 h at 105ºC).  
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2.2. Determination of physical properties. 
The glass transition temperature (Tg) was analyzed by differential scanning calorimetry (DSC, 
Diamond Perking Elmer, USA). Thermograms were obtained in the ranges from -40 to 120ºC from films 
equilibrated to 33% RH and -70 to 90ºC from films equilibrated to 85% RH, with a heating rate of 
10ºC/min and cooling rate of 40ºC/min from both conditions.  
The specific volume of the films (2 x 1 cm of length and width) was determined by gas pycnometry 
(Multivolumen Pycnometer 1305) using nitrogen gas.  
2.3. Antimicrobial activity of film-forming solutions 
Film-forming solutions (30 μl) to assess the diffusion of chitosan through the medium Mueller Hinton 
agar inoculated with 1x105 cfu/ml of E. coli and incubated at 37ºC for 24 h. 
Kinetics of bacterial growth in presence of film-forming solutions was measured using Multiscan 
(Labsystem) at 37ºC for 24 h.  
2.4. Antimicrobial activity of films  
Films (1 cm2) to different concentrations of chitosan on Muller Hinton agar plates inoculated with E. 
coli (1x105 cfu/ml) were incubated at room temperature for 5, 10, 15 and 20 min and at  4ºC for 24 h, then 
the pieces of films were removed and the plates incubated at 37ºC for 24 h. 
 2.5. Statistical analysis. 
All experiments were carried out in triplicate and average values with their corresponding standard 
deviations were reported. Analysis of variance (ANOVA) and significance of difference between means 
of Bonferroni multiple range post-tests at a p level of 0.05 were used to determine significance. 
3. Results & Discussion 
Films equilibrated at 33 and 85% RH showed that the moisture content increases and glass transition 
temperature (Tg) diminishes in order to chitosan concentration increases in both case (Fig. 1). However, 
the structural state (rubbery or glassy) was maintained at both relative humidities. Moreover, the specific 
volume also increases (data not shown). These results indicate that chitosan does not act as plasticizer in 
the film, as it has a molecular weight in the order of gelatine. Decreases in gelatin concentration are 
followed by increases in moisture content in the matrix due to the hydroscopic capacity. 
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Fig. 1. Glass transition temperature (Tg) of salmon-chitosan gelatin films equilibrated at 33% RH (glassy state) and 85%RH 
(rubbery state). 
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Prior to the determination of antimicrobial activity kinetics of moisture adsorption was carried out, 
which indicates that the films in glassy state are capable to adsorb more water (up to 180% at 90 minutes 
of exposure), than the films in rubbery state (70% at 90 minutes). The glassy films after 10 min over agar 
change their structural state to rubbery due to higher water adsorption. It is important to note that films 
containing chitosan are swelled maintaining structural integrity in comparison to pure gelatin films which 
are dissolved in same time. 
Agar diffusion method was conducted to determine the diffusion capacity of chitosan through the agar 
at all studied chitosan concentration. Fig. 2a showed diffusion of chitosan over Muller Hinton agar plate 
of film-forming suspensions. The results showed that only inhibition of bacteria was observed where the 
drop chitosan was placed, indicating that chitosan could not diffuse through agar, in agreement with 
Pereda et al. (2011). As expected, the antibacterial effect of chitosan increases as the concentration 
increases. Moreover, as shown in Fig. 2b, no bacteria inhibition was observed when the films are pre-
incubated at 4ºC and room temperature. Therefore, chitosan could not diffuse from film to culture 
medium despite the long pre-incubation period; indicating that the chitosan could be interacts with 
gelatine into a polymeric network. 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Chitosan diffusion at different concentration (% w/w). (a) Film-forming suspensions of salmon gelatine-chitosan, (b) 
Gelatine of salmon- chitosan films pre-incubated at 4 ºC for 24 h. 
 
Kinetic of bacterial growth in presence of film-forming suspensions are showed in Fig. 3. The results 
show that 100% of E. coli growth was inhibited by all studied chitosan concentrations within 24 hours of 
incubation. It is important to note that salmon gelatine suspension in absence of chitosan also inhibited 
growth of bacteria as salmon gelatin-chitosan suspensions. Pereda et al. (2011) and Gomez-Guillén et al. 
(2011) reported antibacterial effect of pure gelatin suspension, attributed to the presence of polypeptides 
chains of gelatin partial hydrolysis. Moreover, it could be possible the presence of antibiotics in salmon 
skin gelatin. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Growth kinetics of E. coli at different concentrations of chitosan. DO: Optical density measured at 400 nm. 
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4. Conclusion 
The presence of chitosan decreased Tg at increasing concentrations. However chitosan did not act as 
plasticizer in the film due as its molecular weight is in the order of gelatin, unlike other plasticizer with 
much lower molecular weight (sorbitol and glycerol). The effect was gelatin concentration diminution 
and moisture content increases in the matrix due to high chitosan hydroscopic capacity. Salmon gelatine-
chitosan film-forming suspensions have antibacterial effects against E. coli at all concentrations tested 
while the films showed no inhibition by agar diffusion method. This results indicate that the chitosan 
interact with gelatine into a polymeric network and could not diffuse from film to culture medium. 
Further investigations are focused on if functional groups of chitosan are trapped into salmon gelatine-
based films. 
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